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This  Handbook  is  presentsd  for  nse  by  field  personnel  as 
a  deriee  for  instruction  and  accounting  in  maintainance  of 
accurate  weight  and  balance  data  for  missiles  after  factory 
delivery* 

There  is,  at  this  date,  no  official  requirement  for 
this  Handbook  among  the  Operational  missile  documentation 
records.  Further,  there  is  no  theoretical  requirement  ie 
maintain  field  weight  and  balance  control  for  the  Operational 
missiles  if  it  be  assumed  that  changes  to  configuration  after 
factory  delivery  will  not  significantly  affect  the  flight 
weight  status,  and,  if  it  be  assumed  also  that  mission  objec¬ 
tives  will  always  be  within  the  contractual  performance 
limitation. 

However,  practical  considerations  make  it  necessary  to 
presume  that  configuration  changes  of  significant  and  indeter¬ 
minate  effect  on  the  missile  weight  status  are  likely,  at 
least  during  the  balance  of  the  Atlas  R&D  program,  and  are 
possible  for  modernization  modifications  after  completion  of 
the  R&D  program.  Also,  since  Atlas  possesses  considerable 
excess  performance  capability,  it  appears  likely  that  mission 
objectives  in  excess  of  contractual  performance  limitations 
will  from  time  to  time,  be  desired  either  because  of  new 
military  target  assessment,  or  because  of  new  special  missions 
which  the  Air  Force  may  wish  to  undertake.  The  latter  case 
will,  in  all  likelihood,  be  accompanied  by  special  or  revised 
instrumentation. 

In  either  case,  (  -  i.e.,  -  changes  to  configuration 
producing  significant  weight  changes  in  the  flight  weight 
status,  or  mission  objectives  in  excess  of  contractual  per¬ 
formance  limitations)  a  precise  re-evaluation  of  the  flight 
weight  status  will  be  required  in  order  to  furnish  valid  input 
to  the  Guidance  Equations  for  the  desired  missions. 

This  Handbook  is  an  interim  instrument  for  use  until  it 
becomes  an  official  requirement.  It  is  also  preliminary  as  it 
is  under  development  with  R&D  testing,  and  lacks  portions 
required  for  interpretation  and  evaluation  of  the  effects  of 
propellant  loading  variations. 
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PART  I 


INTRODUCTION 


This  is  the  first  Handbook  to  be  presented  for  use  in  the 
field.  It  presents  the  weight  and  balance  characteristics  of 
the  XSM-65-28D  Missile  and  is  the  eleventh  D-R&D  missile  weighed. 

Portions  of  this  Handbook  (Parts  IV  thru  VX)  are  in  develop¬ 
ment  and  not  included  in  the  Handbook  at  this  time. 

Part  II  shows  the  actual  dry  weight  and  balance  in  the 
condition  as  weighed  at  the  factory,  and  the  computed  dry 
weight  and  balance  for  flight  condition  based  on  the  asweighed 
condition.  The  latter  is  compared  for  reference  purposes  to 
the  predicted  flight  dry  weight  and  balance  derived  before 
weighing. 

Part  III  is  presented  for  the  purpose  of  keeping  accurate 
records  of  dry  weight  and  balance  by  field  personnel. 

For  the  use  of  Parts  II  and  III  see  the  Introductions  and 
Directions  in  those  parts. 

Extra  charts  are  available  in  Part  VII  to  be  inserted  in 
the  various  portions  of  the  Handbook  when  and  where  needed. 
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PART  II 
INTRODUCTION 


This  portion  of  the  Handbook  presents  the  weight  and  balance 
characteristics  of  the  XSM-65-28D  Missile  based  on  the  shop  weigh¬ 
ing  of  the  total  missile  on  13  August  1959. 

The  actual  weight  is  within  19  pounds  of  the  predicted  weight. 
This  comparison  is  shown  in  detail  on  page  7. 

The  final  actual  dry  weight  and  balance  for  flight  is  entered 
on  line  5  on  page  5  and  final  dry  weight  and  balance  of  the  booster 
and  second  stage  are  on  lines  6  and  7  respectively  of  the  same  page. 

These  weights  can  be  used  if  no  change  to  the  missile  confi¬ 
guration  as  described  in  this  Handbook  occurs  at  the  launch  site. 

The  weight  of  ths  missile  as  weighed,  including  items  used 
for  handling  but  not  including  airborne  items  which  were  not  on 
during  weighing  is  on  line  1  of  page  5  and  this  weight  is  carried 
on  to  Chart  C,  page  36  as  the  first  entry.  For  use  of  Chart  C 
refer  to  the  directions  on  page  18. 


TN*  dormant  cantata  information  affactinf  to  national  defence  ai  to  United  State*  within  to  moo Hint  of  to  Eaptaq*  Laws,  Title  13, 
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MISSILE  WEIGHING  DIAGRAM  (Jl) 


Fla,  a 
45*  LEFT 


Fla.  I 

TOP  VIEW 


VIEWS  LOOKING  FWD. 


|(nTrf7rti|| 


Fifl.  s 
45*  RIGHT 
P. 


A*_Q Tha  distance  from  oft  {la  point  ( Rj  a  Rs)  to  fwd  Ha  polnt(R,)(or  distance 
between  fora  a  oft  raoetlona). 

a».  68. 95"  Tha  diatonca  from  rafaranea  datum  to  canter  lino  of  raoetlon  Rs  . 


SEE  MISSILE  WEIGHING  DATA  SHEET  (J|j 


z  •  H91.0  _ 


Total  groes  »t. 

(R3-  R2)  X  B 
Total  grota  wt. 


Soma  oa  P, 


Soma  oa  P, 


Y  *  Raault  of  P,  +  100 


<  P2  x  1.414  5-  P.  +  100 


Utad  with  oil  poaltlona. 


Uaa  0  weight?  (Fig.  4) 


Ute  45*  Left  walghta.  (Fig.  3) 
Uaa  45*  Right  walghta.  (Fig.  5) 


4^  Left  (  Fig.  3) 


j  X  *  P,  -  IP,  x  1  414)  +  100  45*  Right  (Fig.  5) 
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MISSILE  WEIGHING  DATA  SHEET  (J|) 


DATE  WEIGHED  MODEL  SERIAL  NUMBER 

13  August  1959  I  XSM-65-28D  I  USAF-58-2199 


PLACE  WEIGHED  WEIGHING  PERSONNEL 

Convair  Plant  71  Astronautics  Weights  Grou 


REACTION 

POINTS 


SCALE  READINGS 


45  L  45  R 


45"  L  45*  R 


AVERAGE 


FWD.  POINT  (R.)  xxxxxxxxx 

2499  2508  2571  2542  2541  2554 


AFT.  POINT 

LEFT  (r2)  4688  4907  4603  4653  4930  4629 


AFT.  POINT 

right  (Rj)  5830  5583  5854  5828  5560  5832 


xxxxxxxxx 


xxxxxxxxx 


TOTAL 

(As  Weighed) 


Z  DIMENSION  (in) 


P,  DIMENSION  (in.)  ,  .. 

1  6.04 


Pz  DIMENSION  (in.) 


P,  DIMENSION  (in.) 


Y  DIMENSION  (in.) 


X  DIMENSION  (in.) 


13017  02998  13028  13023  13031  13015  13018.7 


1045.4  1044. o  1041.3  1042.9  1043.1  1042.2  1043.3 


6.22 


3.33 


6.62 


mmwzm 


mmmmm 


WM 


97.62 

96.68 

Kmv 

96.92 

97.21 

»»>;♦.  »»;♦>; 


fl 

B 

I 

fl 
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DERIVATION  OF  ACTUAL  DRY  WEIGHT 


WEIGHT 


missile  AS  weighed  1043.3  106.1  97.1  13582410  1381284  1264116 


LESS 

NON-FLIGHT  OVERAGES 


S 

GAS  IN  TANKS 


PLUS 

SHORTAGES 


TOTAL  MISSILE 
ACTU* WEIGHT 


S»£SS.  Predicted 

800STER  MXXXMXWT. 


2  NO  STAGE 
ACTUAL  WEIGHT 


* 

SEE  WEIGHING  DIAGRAM 


1007.8 


101.4 

91. 

101.91 

102. 

880318 


535 


883085 
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>AI  A I  I  I  A  TIAll  A  AT  A  OUCtT 
mLWUuniivn  vmn  wiibk  < 


P8I6 

LIQ.  OXY.  | 

TANK 


•aramatrla  Prattura _ 14.  / 

Outaldt  Air  Tamparatura  74.0 


Uq.  Ox*  Tank  Prattura. 
Fual  Tank  Prattura  - 


WalqNI  0N|  In  Uq.  Oxy.  Tank  • 


I44(B.R  -I-  P8IO)XLIq.  Oxy.  Tank  Vo  luma 
lN2  Oaa  Canttant  X(460  +  Amblanl  Tamp.) 


I44(  20«5  )  X  2803,2  .  250.81 

bb.  to  x  {  534  ) 


Waight  GNj  in  Fual  Tank 


1 44  ( B. R  4-  P3I0)  X  Fual  Tank  Voluma 
LNj  Oat  Canttant  X(460+  Amblant  Tamp.) 


Waight  Dl  placed  Air  (  both  tanka)* 


1441  24.2  )X  1539.8  .  182.16 

55.16  xi  534  ) 


144  X  B.P.  X  Total  Tank  Voluma _ 

Air  Conatont  X  (460  4-  Amblant  Tamp.) 


I44(  14.7  )X  4043,0 

53 .34  XC  534  ) 


300,  ,6 


GAS  CENTER  OF  GRAVITY  DETERMINATION 


ITEM 

WEIGHT 

no 

7 

wz 

WY 

W  X 

ONp  l«  Uq.  0*y.  Tank 

250.86 

70S.  0 

100 

100 

177860 

25086 

25086 

(4)  ONj  In  Fual  Tank 

182.16 

1063.0 

too 

too 

193636 

18216 

18216 

(-) Wt.  Diaplaead  Air 

300.46 

S56.0 

too 

100 

257194 

30046 

30046 

Oaa  in  fonkt-tntart  on 
MISSILE  WEIOHINO 
RECORD -Itam  3 

132.56 

862.3  100 

100 

114302 

13256 

13256 
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RECONCILIATION  OF  ACTUAL  DRY  WEIGHT 

ITEM 

WEIGHT 

Z 

Y 

X 

26D  2nd  Stage  Predicted 

Weight  Converted  to  28D 

8613.4 

867.9 

109.9 

99.2 

Nose  Cone 

+59.2 

378.0 

100.0 

100.0 

Horizontal  Adapter 

-10.3 

479.0 

100.0 

100.0 

Spacer  -  Adapter  to  Nose 

-9.8 

453.0 

100.0 

100.0 

Xducer  Change 

-.7 

1219.0 

70.0 

108.0 

Tim.  Battery  Redesign 

+6.6 

1097.0 

164.0 

114.0 

Predicted  28D  2nd  Stage 

8658.4 

865.7 

109.9 

99.2 

26D  Booster  Predicted 

Weight  Converted  to  28D 

5880.3 

1218.5 

101.4 

91.0 

Xducer  Changes 

-.5 

1213.0 

154.0 

132.0 

Predicted  28D  2nd  Stage 

5879.8 

1218.5 

101.4 

91.0 

Total  28D  Predicted 

14538.2 

1008.4 

106.5 

95.9 

Total  28D  Actual 

14519.2 

1007.8 

107.3 

97.7 

Total  Missile  Variation 

-19.0 

-.6 

+.8 

+1.8 

TMt  fcenwint  certain  MannaUm  affactbn  to  natteai  Man  of  the  United  Stitts  within  tho  moaning  of  tfw  Eapionaga  Lam,  Tttio  18, 
U3C,  Saettea  713  and  794.  Tha  trunliilcii  or  ten  rmloUon  of  its  eonteta  hi  any  mamor  to  an  unauthoriiad  poraon  is  prohibited  by  law. 
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AIRBORNE  SHORT AGES -SECOND  STAGE 


ITEM 

WEIGHT 

Z 

Y 

X 

Re-entry  Vehicle 

2143.2 

378 

100 

100 

Horizontal  Adapter 

132.4 

479 

100 

100 

Spacer-Adapter  to  Nose 

84.2 

453 

100 

100 

Fwd  Bulkhead  Door  Boil-off  Valve 

Instl  (Est) 

50.0 

480 

100 

100 

Photo-flash  tunnels  &  Harnesses 

18.0 

740 

163 

100 

Photo-flasi  Cartridge 

8.0 

740 

163 

100 

Photo -flash  Programmer 

4=1 

801 

161 

101 

Main  Missile  Battery 

42.4 

1019 

163 

113 

RSC  Battery 

8.0 

976 

163 

114 

Liq.  Oxy.  Manometer 

15.3 

1059 

162 

85 

RP-1  Manometer 

9.9 

1055 

163 

89 

Tim.  Battery 

30.1 

1097 

164 

1 14 

G.E.I.P.  Antenna 

35.4 

1099 

53 

147 

Reto-Rockets  (2) 

10.3 

887 

163 

100 

Destruct  Charge  (l) 

6.1 

960 

162 

84 

Vernier  Clamshells  (2) 

5.8 

1126 

100 

100 

Upper  Vern  Fairing  &  Fireshield 

8.1 

1128 

100 

30 

APS  Fairing 

20.0 

1077 

100 

30 

Lower  Vern  Fairing  &  Fireshield 

9.6 

1128 

100 

170 

RP-1  Disconnect  Valve 

12.9 

1180 

68 

69 

ASI  Single  Tube  System 

45=0 

919 

178 

100 

Liq.  Oxy.  Disc.  Valve 

33.7 

1145 

145 

48 

Liq.  Oxy.  Disc.  Valve  Heat  Shield 

5.6 

1139 

145 

48 

Vern  Solo 

55=9 

1210 

129 

86 

Jettison  Separation  Xducer 

.5 

1132 

162 

112 

Liq.  Oxy.  Tk,  Press  Xducers  (2) 

3.0 

480 

88 

132 

Total  Shortage  -  2nd  Stage 

2797.5 

TM$  doawint  estates  tefermitfan  rftectini  thn  Mttensi  (totems  of  th*  United  States  within  th*  munini  of  th*  Espion«*  Lm,  Title  18, 
USC,  S*cttom  713  and  714.  The  transmission  or  the  ravstotton  of  its  contents  In  any  Manner  to  an  unsuthoriad  pereon  is  prohibited  by  lew. 
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ITEM 

WEIGHT 

Z 

Y 

X 

Forward  Nacelle  Doors  (4) 

Nacelles  (2),  Splice  Plates 

111.0 

1183 

100 

100 

*  Mtg.  Hrdw. 

433.6 

1245 

100 

100 

Upper  Bal.  Fitting  Heat  Shield 

1.7 

1185 

100 

161 

Lower  Vern  Cylinder  Shield 

7.8 

1185 

100 

42 

RP-1  Flex  Bellows 

12.4 

1139 

68 

69 

LN2  Drain  Provisions 

2.3 

1168 

124 

152 

Sust.  &  Booster  Heat  Boots 

102.5 

1277 

100 

100 

Liq.  Oxy.  F&D  Valve 

23.0 

1218 

145 

48 

Liq.  Oxy.  Disc.  Bellows 

23.6 

1165 

145 

48 

Bellows  Heat  Blanket 

1.6 

1165 

145 

48 

Fwd.  NAC  Braces  (2) 

2.2 

1171 

100 

104 

Total  Shortage  -  Booster 

721.7 

Total  Shortage  -  Missile 

3519.2 

- -  t— *»--  **  -  -  -*» «  j  « m A  «»  n-U-  i  I  ■»»  *  - ai  «»  »» — t - I fui.  IQ 

IMS  HCMMRI  mmmm  iwwm&lmm  rniWClmf  mnmrn  fViWSt  m  mm  URttBQ  99(19  WRMR  XM  iNMn|  m  IR9  UplOM|l  11*1,  9VT99  10, 

UK,  3scMiiw7»«M7HT»wtr«ia>>iita«rfi>r>»iltbw>t)t»c«rtiiia  la  aty  »«■«*»  m  mmiMiortaipanontt  prohibited  by  tew. 
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NON-AIRBORNE  OVERAGES  -  SECOND  STAGE 


WEIGHT 


Nose  Hato 

1399.0 

434 

100 

100 

Padding  Nose 

2.0 

470 

110 

120 

Photo-Flash  Tunnel  Cover 

1.6 

742 

163 

101 

Handling  Adapter 

182.5 

468 

100 

98 

Liq.  Oxy.  Press  Gage  &  Valves 

.7 

774 

55 

140 

Fuel  Press  Gage  &  Valves 

2.6 

1100 

55 

140 

Vern  Dessicant  Covers  (2) 

.6 

1128 

100 

100 

Timer-Azusa 

1.1 

1005 

162 

96 

Timer  -  Inverter 

1.5 

99 

162 

116 

Timer  -  Gyro 

1.4 

960 

166 

105 

Timer  -  Programmer 

1.4 

1100 

166 

105 

Fuel  Line  Cover  Plate 

14.6 

1175 

68 

69 

Sust.  Eng.  Brace 

46.0 

1263 

100 

132 

Sust.  Eng.  End  Cover 

13.9 

1312 

100 

100 

Sust.  Eng.  Side  Covers 

26.1 

1265 

100 

100 

Sust.  Eng.  Sil.  Gel 

2.2 

1303 

100 

100 

Liq.  Oxy.  Single  Boil-off  Valve 
&  Duct 

4.4 

480 

81 

118 

Timer  -  PU  Pkg. 

1.4 

1019 

164 

86 

Total  Overages-Second  Stage 


1703.0 
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NON-AIRBORNE  OVERAGES  -  BOOSTER 


ITEM 

WEIGHT 

Z 

Y 

X 

Liq.  Oxy.  Fill  &  Drain 

Valve  Cover  (2) 

1.0 

1225 

145 

48 

Booster  Actuator  Locks  (4) 

4.5 

1226 

100 

90 

Trailer  Fittings  (2) 

39.0 

1171 

100 

100 

Fuel  Fill  &  Drain 

Valve  Cover  Plate 

.3 

1207 

64 

46 

Quad  I  Transducer  Hato 

2.5 

1211 

145 

130 

Booster  Eng.  End  Covers  (2) 

30.6 

1310 

100 

100 

Booster  Eng.  Side  Covers 

98.2 

1285 

100 

100 

Booster  Eng  Silica  Gel 

4*4 

1303 

100 

100 

RP-1  Disc.  Valve  Cover 

2.0 

1195 

68 

69 

Quad  3  Umbilical  Brkt. 

.6 

1240 

60 

60 

Total  Overages  -  Booster 

183.1 

Total  Overages  -  Missile 

1886.1 
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This  Handbook  of  Weight  and 
Balanoo  Data  proridoo  tho  oorrioo 
activities  with  a  otandard  system 
of  ;:iald  weight  and  balanoo 
control.  It  eontaina  brief 
instructive  infornation  and  ia  to 
be  naad  aa  the  permanent  binder 
for  the  fonaa  and  oharta  whioh 
proTido  for  eontinnona  oontrol  of 
weight  and  balance  of  the  missile. 
The  data  to  bo  inaorted  on  the 
oharta  and  forma  in  thia  Handbook 
are  applieablo  only  to  tho 
individual  mioaile,  the  aerial 
number  of  whioh  appears  on  the 
title  page  and  on  the  various 
forms  and  charts.  This  Handbook 
is  to  remain  with  the  missile 
until  flight,  then  bo  disposed  in 
the  prescribed:  manner. 

The  charto  and  forma  referred 
to  herein  differ  in  nomenclature 
and  arrangement  from  those  shown 
in  previously  published  copies  of 
thia  Handbook,  since  these  charts 
are  revised  from  tine  to  time; 
however,  the  general  principle  of 
use  will  not  ehange. 

CHARTS  AND  FORKS 

GENERAL.  The  standard  system  of 
field  weight  and  balance  control 
requires  the  use  of  several 
different  eharts  and  forms.  They 
are  Identified  as  follows: 

a.  Record  of  Weight  and 
Balance  Personnel. 

b.  Equipment  Location  Zone 
Chart . 

c.  Chart  A  -  Basic  Weight 
Cheek  List. 


d.  Missile  Weighing  Diagram. 

o.  Missile  Weighing  Data 

Sheet. 

f.  Gas  Calculation  Data  Shoot 

g.  Chart  C  -  Baeie  Weight  and 
Balanoo  Record. 

RESPONSIBILITY 

Tho  Missile  manufaoturer 
inserts  all  missile  identifying 
data  on  the  title  page  of  this 
Handbook  and  on  the  various  eharts 
and  forms.  He  completes  all  charts 
at  the  time  of  delivery.  This 
record  constitutes  the  basic 
weight  and  balance  data  of  the 
missile  at  delivery.  All 
subsequent  changes  in  weight  and 
balance  are  compiled  by  the 
weight  and  balance  technician  in 
accordance  with  instructions 
contained  herein. 

MISSILE  WEIGHINGS 

Missiles  mnst  be  weighed 

a*  Periodically  as  required 
by  pertinent  directives. 

b.  When  major  modifications 
or  repairs  are  made. 

e.  When  the  basic  weight 
data  contained  in  this 
Handbook  are  suspected 
to  be  in  error. 

The  basic  weight  and  eg 
location  obtained  from  a  weighing 
can  only  be  as  accurate  as  the 
scale  equipment  employed.  Scales 
must  be  calibrated  as  required  by 

existing  directives. 


* 
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SECTION  II 
DEFINITIONS 


WEIGHT  DEFINITIONS 

BASIC  WEIGHT.  The  "basic  weight"  of 
a  missile  is  defined  as  the  exact 
weight  configuration  at  the  time  of 
weighing  (or  check-out)  and  is  the 
same  as  the  weight  of  the  missile 
as  weighed.  This  weight  includes 
all  overages |  but  does  not  include 
shortages  or  tare  weight. 

DRY  WEIGHT.  The  "Dry  weight"  of  a 
missile  is  defined  as  the  basic 
weight  modified  by  the  removal  of 
all  overages  and  the  addition  of  all 
shortages  to  convert  the  missile  as 
weighed  (or  cheoked  out)  to  a  flight 
ready  configuration.  Dry  weight 
equals  basic  weight  minus  overages , 
minus  gas  in  tanks,  plus  shortages. 
This  weight  inoludes  hydraulic  fluid, 
but  no  other  fluids  or  gases. 

OVERAGE,  An  "overage"  is  any  non- 
airborne  item  attached  to  or  in¬ 
cluded  within  the  missile  at  the 
time  of  weighing  (or  checking  out) 
which  must  be  removed  before  flight. 
Such  items  as  engine  protective 
covers,  dessicant  bags,  dummy  des- 
truct  packages,  propellant  tank 
gases  are  all  overages. 

SHORTAGE.  A  "shortage"  is  any  air¬ 
borne  item  not  attached  to  or  in¬ 
cluded  within  the  missile  at  the 
time  of  weighing  (or  checking  out) 
which  must  be  added  to  the  missile 
before  flight.  Main  missile  battery, 
nosecone,  etc.  are  examples  of 
shortage  items. 

TARE.  "Tare"  as  used  in  this  hand¬ 
book  is  the  weight  of  the  weighing 
fixture  or  the  weighing  trailer  only 
and  is  not  considered  an  overage. 


The  tare  weight  is  direotly  sub¬ 
tracted  from  the  total  weight  read¬ 
ings  at  the  time  of  weighing. 

BALANCE  DEFINITIONS 

REFERENCE  DATUM.  "Reference  datum" 
is  an  immaginary  plane  outside  the 
missile  envelope  from  which  dis¬ 
tances  are  measured  for  balance 
purposes.  Three  reference  data  are 
used  in  measuring  the  center  of 
gravity  of  missiles.  The  first  is 
a  vertical  plane  forward  of  the 
missile  nose  from  which  all  fore 
and  aft  distances  (Z  dim.)  are 
measured.  The  second  is  a  vorti¬ 
cal  plane  100  inches  to  the  left  of 
missile  centerline  from  which  all 
lateral  distances  (X  dim.)  are 
measured.  The  third  is  a  hori¬ 
zontal  plane  100  inches  below  the 
missile  centerline  from  which  all 
vertical  distances  (Y  dim.)  are 
measured. 

ARM.  "Arm"  for  balance  purposes  is 
the  distance  in  inches  from  one  of 
the  three  reference  data  to  the 
center  of  gravity  of  the  item. 

MOMENT.  "Moment"  is  the  weight  of 
an  item  multiplied  by  its  arm.  The 
value  of  a  moment  is  in  inch  pounds.. 
Because  of  the  large  value  for  the 
total  missile  moment,  the  moments 
entered  on  Chart  C  are  divided  by 
1000.  Therefore,  three  zeros  must 
be  added  to  the  Chart  C  moments  when 
they  are  used. 
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DEFINITIONS  (CONTINUED) 


AVERAGE  ARM.  "Average  arm*  is  the 
ara  ebtained  by  aiding  the  weights 
and  adding  the  aoaente  of  a  nnaber 
of  iteae  and  dividing  the  total  aeaent 
by  the  total  weight. 

BASIC  MOMENT.  "Basie  aeaent"  is 
the  sub  of  the  aoaents  of  all 
iteae  aaking  up  the  basic  weight. 

When  using  data  froa  an  actual 
weighing  of  a  missile,  the  basic 
moment  is  the  total  noaent  of 
the  basic  missile  with  respect  to  the 
reference  datum. 


CENTER  OF  GRAVITY  (CG).  "Center 
of  gravity*  is  the  point  about 
which  a  aissile  would  balance 
if  suspended.  Its  distanee  froa 
ths  reference  datum  is  found  by 
dividing  the  total  aoment  by  the 
total  weight  of  the  missile. 

TANK  GASES.  Tank  gas  is  that 
which  is  used  to  pressurize  the 
tank  for  rigidity  for  handling 
and  is  included  as  part  of  the 
"BASIC  WEIGHT*  but  is  not  part 
of  the  "DRY  WEIGHT*.  For  acre 
detailed  information  see  Part  II 
Section  IV,  Gas  Calculation  Data 
Sheet. 
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SECTION  III 

INSTRUCTIONS  FOR  USE  OF  THE  FORM  AND  CHARTS 


GENERAL.  Correct  information  as  to 
the  basie  weight  and  moment  la  eon- 
trolled  by  Charts  A  and  C  after  the 
basie  weight  and  balance  hare  been 
determined  by  weighing  the  missile. 
Lay  out  for  these  forms  is  similar 
to  the  forms  used  in  Aircraft. 

Weight  and  Salanee  Handbook,  AN-01- 
15-40,  however,  nse  of  those  forms 
is  slightly  different  due  to  the 
peculiar  requirements  of  missile 
weight  and  balance.  While  aircraft 
are  re-usable  items,  missiles  are 
not  and  the  repeated  weighings  and 
loading  of  aircraft  do  not  apply  to 
eiissiles.  Therefore,  accurate 
weight  must  b«  determined  for  a 
single  mission  only  and  the  quality 
of  this  weight  and  balance  is  depend- 
end  upon  proper  use  of  Charts  A  and 
C. 

RECORD  OF  WEIGHT  AND  BALANCE 
PERSONNEL. 

Listed  at  the  top  of  this  form  are 
the  missile  model  and  serial  number. 
The  form  provides  u  continuous  re¬ 
cord  of  the  name  and  grade  (civilian 
or  military)  of  weight  and  balance 
personnel  responsible  for  the  Hand¬ 
book  recorda,  the  station,  the  date 
assigned  and  the  date  relieved.  All 
entries  should  be  complete  and 
legible. 

PRELIMINARY  WEIGHING  INSTRUCTIONS. 
Specific  weighing  instructions  are 
given  at  the  end  of  Section  IV. 
Numerous  methods  of  weighing  the 
missile  can  be  used.  For  all 
weighings,  assemble  the  necessary 
equipment,  remove  dirt,  work  pads, 
platforms,  etc.  from  missile  and  see 
that  reservoirs  for  hydraulic  fluida 
are  filled  to  normal  level.  Conduct 
an  inventory  of  all  equipment  actu¬ 
ally  attached  to  or  included  within 
the  missile.  This  shall  be  accom- 
lished  on  the  Chart  A  -  Basic 
Weight  Check  List. 


NOTE 

The  missile  must  be  weighed 
in  a  eloaed  hanger. 

EQUIPMENT  ZONE  CHARTS.  Equipment 
sone  charts  are  provided  to  help 
locate  and  identify  major  items 
of  missile  airborne  and  non-airborne 
equipment.  Theca  items  are  listed 
with  the  sone  reference  on  Chart  A. 
The  zone  charts  aro  of  a  general 
nature  and  will  not  describe  each 
specific  missile  in  detail. 

CHART  A  -  BASIC  WEIGHT  CHECK  LIST. 
The  Basic  Weight  Check  List  is  a 
tabulation  of  all  operating  air¬ 
borne  equipment  that  is  or  may  be 
installed  and  for  whioh  provision 
or  fixed  stowage  has  been  made  in 
a  definite  location  in  the  missile. 
It  also  lists  all  non-airborne 
equipment  that  is  used  to  maintain 
or  handle  the  missile  which  must  be 
removed  before  flight.  It  gives 
the  weight  and  arm  of  the  individ¬ 
ual  items  for  use  in  correcting 
the  basic  weight  and  moment  on 
Chart  C  as  changes  are  made  in 
this  equipment. 

Inventories  should  be  made  when; 

1.  The  missile  is  completed  at 
the  factory,  prior  to  delivery. 

2.  The  missile  is  received  at 
the  launch  base. 

3.  The  missile  undergoes  modi¬ 
fication,  major  overhaul  or 
repair. 

4.  Changes  in  equipment  are 
made  for  a  different  type  of 
operation  or  mission. 

5.  The  missile  is  re-weighed. 

6.  Upon  erection  at  the  launch 
complex. 

7.  X-l  day  from  launch. 

8.  Putting  into  or  breaking  out 
of  storage. 
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SECTION  III 

INSTRUCTION  FOR  USE  OFTHE  FORMS  AND  CHARTS  (CONTINUED) 


9.  When  weight  i*  critic*!  fer 

a  particular  mission. 

The  above'  requirement*  for  inventories 
ahould  be  carried  out  under  the  feliow- 
ing  three  eases.  Caae  I  -  Normal  opera¬ 
tional  aituation  with  no  anticipated 
modification*,  Case  II  -  Normal  opera¬ 
tional  situation  with  expected  site 
modifications,  Case  III  -  Special  opera¬ 
tional  situation  for  missions  in  eases* 
of  contractual  performance. 

The  following  table  clarifies: 


Requirement 

Case  I 

Case  II 

Case  III 

1 

X 

X 

X 

2 

X 

3 

X 

X 

4 

X 

X 

5 

X 

X 

6 

X 

7 

X 

8 

X 

X 

X 

9 

X 

USE  OF  CHART  A.  The  Basic  Weight 
Check  List  is  prepared  by  the  manu¬ 
facturer  before  delivery  of  the  mis¬ 
sile  to  the  launching  base.  The  manu¬ 
facturer  will  write  into  Chart  A  all 
major  items  that  are  applicable  to  that 
missile  for  its  original  mission.  Any 
item  which  is  not  applicable  for  that 
mission  will  be  struct  out  by  a  con¬ 
tinuous  line  through  the  items  on 
Chart  A.  For  all  items  that  are  ap¬ 
plicable,  the  manufacturer  will  indi¬ 
cate  when  that  item  is  airborne  or 
noa-airberae  in  the  following  manner: 

Airborne  equipment.  Place  an 
X  in  eslum  titled  "Airborne 
Equipment"  if  the  item  is 
necessary  for  flight.  This  X 
must  appear  even  though  the 
item  was  not  on  the  missile 
during  weighing  (or  cheeking 
out) . 


Non-airborn*  equipment.  Place 
a  0  in  oolum  titled  "Airbonre 
Equipment"  if  the  item  is  nec¬ 
essary  to  handle  the  missile 
but  must  be  removed  before 
flight.  This  0  must  appear 
even  though  the  item  was  not 
on  the  missile  during  weighing 
(or  checking  out). 

It  should  be  pointed  out  that  the 
markings  in  the  "Airborne  Equip¬ 
ment”  column  describe  the  desired 
configuration  of  the  missile  for 
its  specific  mission,  but  does  not 
describe  the  configuration  at  the 
time  of  weighing  (or  oheoking  out). 
The  actual  configuration  at  the 
time  of  weighing  (or  checking  out) 
is  indicated  under  the  column 
titled  "Original  Cheok". 

The  manufaoturer  will  enter  the 
date  of  weighing  in  the  title 
block  of  the  "Original  Check" 
Column.  This  eolumn  must  be 
used  in  the  following  manner: 

1.  Any  applicable  airborne 
item  which  was  on  the  missile 
when  weighed  or  cheeked  out 
will  have  a  line  drawn 
through  the  "Shortage  & 

Overage"  columns.  This  in¬ 
dicates  that  the  basic  weight 
includes  that  item. 

2.  Any  a-pplicable  airborne 
item  which  was  off  the  mis¬ 
sile  when  weighed  or  checked 
out  will  have  a  check  mark 
in  the  shortage  column.  This 
indicates  that  the  basic 
weight  does  not  include  that 
item. 

3.  Any  applicable  non-air- 
borne  item  which  was  on  the 
missile  when  weighed  or 
checked  out  will  have  a 
check  mark  in  the  overage 
column. 
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INSTRUCTIONS  FOB  USE  OF  THE  FORMS  AND  CHARTS  (CONTINUED) 


This  will  indicate  that  the 
basic  weight  includes  that 
itea. 

4o  Any  applicable  non-airbsrno 
itsa  which  was  not  on  the 
aissilc  when  weighed  or 
eheeked  eat  will  hawe  a  line 
drawn  throngh  the  "Shortage 
ft  Ore rage*  columns.  This 
will  indicate  that  the  basis 
weight  does  not  include  that 
itea. 

NOTE 

The  Barkings  in  this 
coluan  are  directly  op¬ 
posite  for  airborne  and 
non-airborne  items.  The 
check  aark  indicates  that 
the  baaic  weight  Bust  be 
corrected  for  these  iteas 
on  Chart  C,  Part  HI  and  on 
the  Report  of  Weighing  in 
Part  H  of  this  Handbooks 
A  line  drawn  through  this 
coluan  indicates  no  cor- 
rsetion  is  necessary  to 
the  basic  weights 

The  "original  check"  coluan, 
therefore  represents  the  actual 
aissilc  configuration  at  the  tine 
of  original  weighing  or  check-outs 

"Cheek"  eoluana  2  through  8 
will  be  used  by  launch  site  per¬ 
sonnel  each  tiae  a  aissilc  weighing 
or  check-out  is  required  and  must 
be  acceaplishcd  for  the  X=1  day 
checks  Enter  the  date  of  check-out 
in  the  blank  space  at  bead  of  check 
coluan  as  provided.  Perfora  aissile 
inventory.  Put  a  check  aark  in  the 
"In  Missile*  coluan  for  iteas  en 
aissile  during  check-out  and  leave 
blank  if  itea  is  not  on.  After  the- 
inventory,  coapare  with  previous 
check-out.  If  no  change  has  oceured, 
draw  a  line  through  the  "In  Missile" 


and  "See  Chart  C*  eoluana.  If  a 
change  has  oceured,  put  a  check 
aark  in  the  "See  Chart  C"  coluan 
and  aake  the  appropriate  entry  in 
Chart  C. 

New  entries  should  be  written 
into  Chart  A  whenever  ehanges  to 
the  original  Mission  or  confi¬ 
guration  occur. 

Preparation  of  Chart  A  through 
the  "Original  Check*  ooluan  is 
done  by  the  Manufacturer.  The 
ronainder  of  Chart  C  entries 
aust  be  aade  by  the  launch  site 
personnel. 

CHART. C  -  BASIC  WEIGHT  AND 
BALANCE  RECORD.  Chart  C  is  a 
continuous  history  of  the  basic 
•  weight,  aoaent  and  balance  re¬ 
sulting  froa  structural  and  equip¬ 
ment  changes  in  service.  At  all 
tines  the  last  weight  and  aoaent 
are  considered  the  current 
weight  and  balance  of  the  basic 
aissile.  The  basic  weight  as 
generated  by  Chart  C  entries  re¬ 
presents  the  weight  ef  the  mi-s- 
sile  as  described  in  the  last 
Chart  A  check-out  condition  and 
is  not  the  desired,  or  predict¬ 
ed  final  dry  weight.  In  order 
to  determine  the  final  dry 
weight,  the  last  basic  weight 
from  Chart  C  must  have  all 
flight  items  still  missing 
added  to  it  -and  all  non-flight 
items  subtracted  from  it.  In 
theory,  th o  X-l  day  check 
should  produce  a  basic  weight 
equal  to  the  predicted  final 
dry  weight.  This  weight  should 
agree  with  the  dry  weight  ob¬ 
tained  in  Part  II  of  this  Hand¬ 
book  if  no  missile  configura¬ 
tion  changes  occur.  It  should 
agree  when  any  modifications 
after  delivery  are  applied  to 
the  dry  weight  in  Part  II. 
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INSTRUCTIONS  POR  USB  OF  TUB  FORMS  AND  CHARTS  (CONTINUED) 


USE  OF  CHART  C.  Each  time  an 
inventory  is  made,  Chart  C  shsnld 
b«  brought  up  to  data.  Tho  manu- 
faoturor  will  make  tho  first  basis 
weight  entry  in  Chart  C  and  this 
weight  is  the  sane  as  the  missile 
as  weighed.  This  basie  weight 
includes  all  non-flight  orerages 
on  the  missile^  all  gases  in  pro¬ 
pellant  tanks,  but  does  not  in¬ 
clude  flight  items  that  were  short 
during  weighing.  Part  H  of  this 
Handbook  converts  the  basic  weight 
into  a  predioted  dry  weight  by 
making  corrections  for  the  over¬ 
ages  and  shortages.  Chart  C  accomp¬ 
lishes  the  same  thing  at  the  launeh 
site  as  these  changes  occur. 

After  completion  of  any  Chart  A 
check-out,  enter  all  indicated 
Chart  C  entries  from  Chart  A  onto 
Chart  C  as  follows: 

1.  Enter  the  date  the  check¬ 
out  was  made  in  the  left  col¬ 
umn  of  Chart  C. 

2.  Indicate  by  a  check  mark, 
in  the  second  or  third  oolumn, 
whether  an  item  is  being  added 
to  or  removed  from  the  missile. 

3.  Write  out  a  complete 
description  of  the  item  in 
the  fourth  column. 

4.  In  the  weight  change  col¬ 
ons  enter  the  weight  to  the 
nearest  tenth,  the  three  arms 
to  the  nearest  tenth  and  the 
moments  divided  by  1000. 

5.  Indicate  items  added  or 
removed  by  plus  or  minus 
signs  before  the  weights 
and  moments. 

6.  When  all  applicable  entries 
for  the  particular  check-out 
are  made,  retotal  Chart  C  and 
enter  the  new  basic  weight 
below  the  previous  one  in  the 
small  block  at  the  bottom  of 
Chart  C, 


7.  The  dates  entered  on  Chart  C 
must  be  the  same  as  the  dates  of 
the  check-outs  on  Chart  A. 

8.  The  X-l  day  check-out  should 
remove  any  remaining  non-flight 
items  and  install  all  remaining 
flight  items,  yielding  either  the 
original  predicted  dry  weight 
from  Part  n  of  this  Handbook  or 
that  predicted  weight  plus  mo¬ 
dification  that  have  oocured 
since  the  original  weighing. 

NOTE 

All  basic  weights  in  the  Handbook 
include  the  gases  in  the  propellant 
tanks.  When  a  predieted  dry  weight 
is  desired,  the  gas  present  at  the 
time  of  the  last  weighing  and  cal¬ 
culated  on  the  form  provided  in 
the  Handbook  should  be  deleted 
from  the  Basic  Weight.  Tank  gases 
must  be  recalculated  as  a  part  of 
each  successive  weighing  procedure. 
Atmospheric  and  internal  tank  gas 
condition  must  be  known  in  order 
to  perform  each  gas  calculation. 
These  gases  must  be  deleted  on 
Chart  C  after  the  X-l  day  check¬ 
out  or  whenever  predicted  perfor¬ 
mance  weights  are  to  be  generated. 
Flight  weight  gases  are  inolnded 
with  residuals  in  Part  V, 

Chart  F,  Line  2. 
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PART  III 
SECTION  IV 

INSTRUCTIONS  FOR  ADDITIONAL  DATA  FORMS  FOR  WEIGHING 


GAS  CALCULATION  DATE  SHEET.  Each 
tin*  a  niaail*  1*  weighed,  a  cal* 
culation  of  the  amount  of  gaa  in 
the  propellant  tanks  must  he  made. 
This  gas  is  used  to  pressurise  the 
tanks  for  handling,  but  is  not  a 
part  of  the  launch  dry  weight.  Gas 
weight  is  part  of  the  basic  weight 
since  it  is  always  present  during 
weighings  (except  if  weighed  under 
stretch  in  the  trailer).  Gas 
weight  must  be  subtracted  from  the 
basic  weight  when  preparing  the 
final  launch  dry  weight. 

To  calculate  the  amount  of 
gas  for  a  weighing,  enter  the  fol¬ 
lowing  items  on  the  Gas  Calcula¬ 
tion  Data  Sheet: 

1.  Barometric  pressure  in 
pounds  per  square  inch  (or 
the  nominal  value  of  14.7  psi 
if  the  pressure  is  not  obtain¬ 
able)  . 

2.  Liquid  oxygen  tank  pressure 
in  pounds  per  square  inch  gage. 

3.  Fuel  tank  pressure  in  pounds 
per  square  inch  gage. 

4.  Outside  air  temperature 
around  the  tank  in  degrees  F. 

Enter  these  values  as  indi¬ 
cated  on  the  data  sheet  and  determine 
the  weight  of  gas  in  each  tank. 

Since  only  the  weight  of  gas  in 
excess  of  the  weight  of  normal  atmos¬ 
pheric  air  is  actually  sensed  as  gas 
weight  (boyancy  effect),  subtract  the 
weight  of  displaced  air  from  the 
total  gas  weight  to  obi  i  the 
effective  weight  of  gas. 


Ente.  this  effective  value  and  C  G 
on  line-  3  of  this  Missile  Weighing 
Data  Sheet. 

MISSILE  WEIGHING  DATA  SHEET.  For 
launch  site  weighing  purposes,  the 
preferred  method  is  by  trailer 
weighing.  The  C  G  from  the  faotory 
weighing  is  modified  and  used  with 
the  actual  weight  as  derived  in  the 
trailer  weighing. 

NOTE 

Missile-trailer  weighing  and 
trailer  weighing  must  be  done 
within  one  day  of  each  other 
AND  the  same  weighing  kit  must 
be  used. 

The  trailer  can  be  weighed  just 
prior  to  installing  the  missile  and 
just  after  to  eventually  determine 
the  missile  weight.  Another  method 
is  to  weigh  the  missile  and  trailer 
just  prior  to  missile  erection  and 
then  weigh  the  trailer  as  soon  as 
it  is  removed  from  the  erector. 

WARNING 

Trailer  and  missile  weighings 
must  be  done  in  a  closed  area 
since  the  weighing  method  is 
unstable  due  to  wind  gusts  in 
outside  areas. 

LAUNCH  SITE  MISSILE  WEIGHING.  Use 
either  Missile  Weighing  Data  Sheet 
(T3)  for  a  three  point  weighing  or 
Missile  Weighing  Data  Sheet  (T4) 
for  a  four  point  weighing.  Trailer 
configuration  must  be  the  same  for 
each  weighing. 
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SECTION  IV 

INSTRUCTIONS  FOR  ADDITIONAL  DATA  FORMS  FOR  WEIGHING  (CONTINUED) 


1«  Load  trailer  and  mieelle 
on  eella  to  a  visual  level 
condition  with  the  trailer 
tires  jnat  clear  of  ground. 

2*  Read  three  (of  four)  lead 
cells  and  enter  in  column  1 
of  "Seale  Readings". 

3.  Re-read  and  enter  in 
column  2. 

4.  Re-read  and  enter  in 
column  3. 

5.  Unload  and  xero  out  the 
oells. 

6.  Repeat  steps  1  thru  4  and 
enter  in  oolumns  4  thru  6. 

7.  Unload. 

8.  Repeat  steps  1  thru  7  to 
wilgh  the  trailer  alone. 

9.  Enter  readings  in  oolumns 
1  thru  6  of  "Soale  Readings- 
Trailer". 

10.  Average  the  readings  for 
each  reaction  point  and  the 
totals  and  enter  under  the 
"Average"  column  on  lines  8 
and  9  respectively  for  the 
missile  and  trailer  weighing 
and  the  trailer  weighing. 

11.  Subtract  average  total 
line  9  from  average  total  line 
8.  This  is  the  basic  weight  of 
the  missile  as  weighed. 

12.  Enter  this  value  on  line 
1  of  "Derivation  of  Actual 
Dry  Weight" o 

13.  Correct  Chart  C  to  re¬ 
flect  the  configuration  of 
this  weighing  and  the  Chart 

A  check-out.  Determine  the  Z, 


Y  and  X  arms  for  the  new  basio 
weight  from  Chart  C  and  enter  these 
on  line  1  next  to  the  aotual  weight 
as  weighed  (basic  weight). 

14.  By  reference  to  Chart  A,  sum¬ 
marize  the  weight  and  moments  of 
all  non-flight  items  still  on  the 
missile  at  the  time  of  weighing  and 
enter  on  line  2  of  "Derivation  of 
Aotual  Weight". 

15.  Summarize  the  weight  and  moments 
of  all  flight  items  not  on  the  mis¬ 
sile  during  weighing  and  enter  on 
line  4  of  "Derivation  of  Actual 
Weight". 

16.  Calculate  the  weight  and  moments 
for  the  propellant  tank  gases  and 
an£er  on  line  3  of  "Derivation  of 
Aotual  Dry  Weight". 

17.  Subtract  lines  2  and  3  from  line 
1  and  add  line  4  to  linel.  This 

is  the  new  weight  and  balance  for 
the  total  dry  launch  weight. 

18.  If  no  additions  or  deletions 
were  made  to  Chart  A  since  the 
factory  weighing,  enter  the  Booster 
Actual  Weight  and  moments  from  line 
6  of  the  "Missile  Weighing  Data 
Sheet"  from  Part  II  of  this  Handbook 
onto  line  6  of  "Derivation  of  Actual 
Dry  Weight"  of  the  current  data 
sheet. 

19.  If  additions  or  deletions  were 
made  to  Chart  A,  select  only  those 
that  are  Booster  flight  items.  Sum¬ 
marize  these  weights  and  moments  and 
correct  the  factory  Booster  actual 
weight  by  these  amounts.  Enter  this 
new  Booster  weight  and  balance  on 
line  6  of  the  current  data  sheet. 

20.  Subtract  line  6  from  line  5  and 
enter  on  line  7.  This  is  the  new 
Sustainer  actual  dry  launch  weight. 
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